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Abstract: Income produces health, and sickness negatively a!ects earnings. "ese two factors 
likely explain the income gradient in health, but each has very di!erent policy implications. 
In this paper, I examine graphical trends in mortality risk between low-income and higher-
income people by age and gender. "ese trends suggest that forward causality (income 
a!ecting health) is more important than reverse causality (health a!ecting income) in the 
income-health gradient. However, there is some evidence to suggest that reverse causality 
plays an important role for younger men.
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Low income increases one’s exposure to a host of health risks, such as crime, poor housing, and poor nutrition.1 Conversely, sick people both tend to work less and 
tend to accrue medical bills, thus lowering their household earnings and accumulated 
wealth.2 "erefore, low income can damage health, and sickness can lead to the loss 
of income.
"e association between income and health is large. Approximately 17.4 million excess 
quality adjusted life years (QALYs) are lost annually in the U.S. among the lower 80% 
of income earners.3 If most of this excess loss of healthy life is due to the e!ects of low 
income on health, the policy priority should include redistributive programs, such as 
early education interventions, earned income tax credits, or social insurance.4–6 Such 
programs help to reduce income inequalities, improve earnings, and reduce #nancial 
blows associated with job loss, thereby addressing downstream health risks such as 
exposure to crime or lack of health insurance. On the other hand, if the negative e!ect 
of poor health on income explains most of the gradient, then society’s resources should 
be diverted to preventive health interventions and disability insurance. 
Researchers examining the question of causal direction have found that both forward 
and reverse causality play a role in the income-health relationship. For instance, Lynch 
et al. studied a large cohort of individuals who where healthy, and found a signi#cantly 
higher risk of later life morbidity among those who had a total household income level 
less than 200% of the poverty line relative to those who had household earnings greater 
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than 200% of the poverty line the poverty line.7 Similarly, Smith examined healthy 
people of similar income, and found that the household wealth of those who become 
ill grows much more slowly than that of those who remain well.2 
However, there is uncertainty surrounding which e!ect explains most of the income 
gradient. For instance, one natural experiment on changes in Social Security payouts 
in the U.S. suggests that increases in income late in life do not improve health (and 
may even be harmful).8 On the other hand, structural equation modeling suggests that 
the e!ect of income on health is greater than the e!ect of health on income.9 "ese 
authors found that psychological distress plays a signi#cant role in the socioeconomic 
status health relationship, accounting for a substantial portion of the previously unex-
plained variation in this relationship. "us, the critical public policy question remains: 
Should society invest more in redistributive interventions (e.g., education programs) 
or protective interventions (e.g., disability insurance)? One overlooked answer to this 
question may be found in graphical data describing the changes in relative health risks 
by age and income. 
Hypothetical reverse causation model. Adults are more likely to become sick as 
they age, so the opportunity for health to adversely a!ect household earnings grows 
continuously until around age 65. A$er retirement, illness should not produce job loss, 
and Medicare should provide a bu!er against medical costs among the under-insured or 
uninsured. "us, if health di!erences explained the health-income gradient, we would 
expect the health gap between the higher-income and lower-income populations to 
grow steadily until one reaches his or her mid 60s (Figure 1, panel 1). 
We would also likely see gender e!ects. Men are the dominant income earners in 
many male-female households, because they both earn more and are more likely to 
be employed.10 A woman’s loss of her job due to illness or death, on average, therefore 
has a smaller impact on household earnings than a man’s job loss.10 "us, if poor 
health is predominantly driving the income-health gradient, we would expect that 
the gradient would be weaker for women than for men. Moreover, because men have 
higher mortality, and mortality rates accelerate with age, there should be relatively 
greater household income losses as older men die o!.11 We would therefore expect the 
Figure 1. Hypothetical age versus risk ratio graphs for reverse and forward causality in 
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relationship between the risk of death and income to strengthen more with age for 
men than for women (Figure 1, panel 1).
Hypothetical forward causation model. On the other hand, if causality moves 
predominantly from income to health, one would expect to see a diminishing di!er-
ence in risk of mortality between low-income and high-income subjects as they age 
(Figure 1, panel 2). Adverse environmental conditions associated with low income 
a!ect the organism throughout the lifecycle, causing low-income populations to die 
prematurely.12 Only those low-income individuals with the strongest genes or the most 
favorable environmental circumstances are likely to survive to an old age. "e resulting 
gradual improvement in risk for low-income relative to high-income populations with 
age is known as the survivor e!ect. 12 If low income is the primary force driving the 
income gradient in health, therefore, the survivor e!ect is likely to result in an overall 
decline in relative mortality risk by income as low-income populations age (Figure 1, 
panel 2). 
"e di!erence in risky health behaviors by social class is much greater among men 
than among women.13 "us, men should generally have a higher di!erential mortal-
ity risk by household earnings than women regardless of whether the income-health 
relationship runs predominantly in the forward or reverse direction. However, because 
selection factors are greater for men (e.g., they have a higher prevalence of risky health 
behaviors), we should see convergence in mortality risk by gender as subjects age due 
to the survivor e!ect (Figure 1, panel 2).
Methods 
To examine the relative contribution of forward causality and reverse causality, I de#ned 
the predicted shape of the curves a priori, as shown in Figure 1. I then inspected actual 
data to ascertain whether the curves suggested dominance of forward or reverse cau-
sality in the gradient. 
"e two graphs in Figure 1 demonstrate the hypothetical relationship between age 
and the relative risk of mortality by low relative to high household earnings. If both 
played an equal role, we would expect to #nd that the relationship remained relatively 
constant up to age 65.
In Figure 2, we see actual trends for both household income and educational attain-
ment, adjusted for age, within each interval. "ese graphs were generated from data 
analyses by Sorlie et al. using the National Mortality Follow-up Survey (NMFS).11 "e 
NMFS included a representative sample of 530,507 non-institutionalized persons living 
in the U.S. and followed from 1979 through 1989. Of these subjects, 54,304 died during 
the study interval. Because the NMFS is very large, it is highly unlikely that any graphs 
generated using these data will contain random contour variations.
Results
In Figure 2 (panel 1), we see that the risk of death clearly trends downward with age. 
We also see evidence of survival bias in the male cohort, also supporting the hypothesis 
that income predominantly produces health.
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Moreover, the relationship between educational attainment and mortality risk by age 
shows somewhat similar trends as household income and mortality risk by age, suggest-
ing that income trends are consistent with other factors in the SES gradient (panel 2). 
Because most people complete their education by age 25, the education gradient is not 
susceptible to reverse causality to the same extent that income may be. 
However, educational attainment is positively correlated with household income, and 
this could explain the shape of Figure 2. To control for such confounding, the same 
graph must be generated a$er controlling for educational attainment, employment 
status, marital status, and household size. When this is done, the slope over the 45–65 
age interval becomes even steeper (Figure 3). "us, isolating the e!ects of household 
income on the risk of mortality only strengthens the argument that the bulk of the 
causal association is forward. 
One exception here can be found for men between the ages of 25 and 45. Here, we 
see a slight increase in risk with age before the risk again drops o!. While the relative 
deterioration in health is mild in this age range, younger households are uniquely 
susceptible to economic shocks; such households have not generally had a chance to 
build wealth. "erefore, it is possible that this represents evidence of reverse causality 
in this age range.
Conclusion
In sum, income-health trends by age suggest that income predominantly produces 
health. Nevertheless, this graphical relationship could still be explained by unmeasured 
covariates confounding the relationship. Moreover, while the data suggest the relative 
importance of each variable, this analysis does not lend itself to a precise quanti#cation 
of reverse or forward causality; it merely shows that the net causal direction is forward. 
Still, it does reinforce the growing consensus in the public health literature that much 
Figure 2. Age versus risk ratio graphs for income ($12,600 relative to $126,100 in 2007 
dollars) and education (grade school only relative to college graduates). 1980 U.S. dollars 
were adjusted to 2007 U.S. dollars using the Consumer Price Index to provide readers 
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of the strong association between income and health is due to forward causality. "is 
study thus further supports previous #ndings suggesting that redistributive social 
investments, such as in education, will produce large health bene#ts.14,15
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